SUMMARY An epidemiological study was conducted of geographic differences in stroke mortality between the following areas within the United States: Savannah, Georgia (high stroke rates), Hagerstown, Maryland (intermediate stroke rates) and Pueblo, Colorado (low stroke rates). Population samples 35-54 years of age of the three cities were drawn for interview and examination to determine medical conditions and living habits of these populations. The population samples were compared with emphasis on possible risk factors for stroke: serum cholesterol and glucose tolerance test determinations, weight and height measurements, blood pressure and cigarette smoking. The gradient of increasing prevalence of strokerelated risk factors from low to intermediate to high for the three cities was present for blood pressure in black females and white males and for glucose tolerance tests in whites and nonwhites. No other consistent pattern of increasing prevalence of risk factors for stroke was evident.
areas. The white males, except those 45-54, and females in Savannah reported more symptoms than their counterparts in the other cities; this however, was not the case for Savannah's black subjects. The similarity of the cumulative frequency of these symptoms in the three areas is noteworthy.
History of Cardiovascular and Cerebrovascular Disease
Subjects in the study were asked if they had ever been told they had a stroke, high blood pressure, heart disease or diabetes mellitus. No marked differences in the history of cerebrovascular disease were noted among the three cities. A generally consistent but slight trend, which is apparent for hypertension and heart disease with the lowest frequency in Pueblo and the highest in Savannah, is most marked for diabetes (table 3) . Although the data are not presented, the trend for diabetes was present for all age-sex groups among whites as well as blacks. Differences in the availability of medical care or community-wide screening programs for diabetes may explain some of the variation, although the blood glucose tests, reported later, support the finding of a higher frequency of diabetes in Savannah. In all areas about 1 % of the subjects reported a past history of stroke, 20.7% of hypertension, 5.3% of heart disease and 3.7% of diabetes.
Since hypertension is regarded as an important precursor of stroke and in view of its high prevalence in all areas (table  3) , age adjusted percentages of subjects with a history of hypertension are presented for each sex-color group in table 4. The only consistent although slight trend noted between the areas is for white females. In Pueblo and Hagerstown, black females have the highest rates and in these two areas the blacks (both sexes combined) have higher rates than the whites. In Savannah the percentages are similar for all groups.
Smoking History
The results of epidemiological investigations of the association between cigarette smoking and cerebrovascular disease have been inconsistent, although smoking has been found to be an important risk factor for coronary atherosclerotic disease. When subjects were divided into those who never smoked and those who had smoked cigarettes in the past (ever smoked), an interesting difference is noted among blacks in Hagerstown (table 5). Only 11.6% of the black males in Hagerstown stated that they had never smoked as contrasted to 37.9% of the black males in Savannah and 29.9% in Pueblo. Similarly, there were fewer black females in Hagerstown who stated they had never smoked: 24.8% compared to 50.8% in Pueblo and 52.5% in Savannah. The smoking histories of subjects in Pueblo and Savannah, were quite similar. When the current amount of smoking was tabulated by age, color and sex in the three areas, no consistent patterns were noted but somewhat similar proportions of heavy smokers were observed, with males smoking more heavily than females.
Symptoms of Dyspnea and Angina
Dyspnea most often suggests impaired cardiac or respiratory function. The questionnaire elicited a history of dyspnea on effort and the degree of severity. It was present in 28.5% of all respondents. About 25% of the respondents in Pueblo and Savannah reported having dyspnea, whereas in Hagerstown 37.6% reported its presence. The more severe symptoms of dyspnea were not common, but were similar in frequency in all three areas.
Angina pectoris was reported by nearly 7% of all the respondents. It was most frequently reported in Hagerstown (8.8%) and least frequently in Savannah (5.7%).
Electrocardiographic Findings
A 12-lead electrocardiogram was obtained from all persons examined and sent to Dr. Henry Blackburn at the University of Minnesota for interpretation using the Minnesota Code. The findings were remarkably similar in all three areas with definite myocardial infarction being rarely detected and possible myocardial infarction present among 8% of all subjects examined. When the electrocardiographic findings were applied to the presence or absence of a history of heart disease, many of those with ECG evidence of a definite myocardial infarction were in fact unaware of having heart disease.
Blood Pressure Levels
Most epidemiologic investigations of stroke, such as the Framingham Study, indicate that hypertension is the most important risk factor. It was hypothesized, therefore, that the geographical gradient of stroke mortality in the three areas would be parallel to a similar gradient of hypertension.
In table 6 , systolic blood pressures, measured by the zero muddler, are grouped into three categories; under 140, 140 to 159, and 160 and over. Black females showed the expected stepwise progressive increase in severe hypertension from the low to the high stroke areas. White males also reflected this pattern, but the differences were not as great. Pueblo had the highest proportion of persons with a systolic pressure less than 140, representing about 75% of all those examined in this category as contrasted to 63% in Hagerstown and close to 64% in Savannah. Diastolic pressures measured by the muddler apparatus showed that 37% of black female respondents in Savannah had pressures of 95 or over, whereas in Pueblo it was only 17%.
By combining diastolic and systolic pressures, subjects were classified as having low, borderline or high readings as follows: Low = systolic < 140 and diastolic < 90; Borderline = systolic 140 to 159 or diastolic 90 to 94; High = systolic > 160 or diastolic > 95. Once again, white males and black females showed the expected gradient with over 40% of Savannah's black females classified as having high blood pressure as contrasted to 20% in Pueblo. When all groups are combined, an increasing gradient of high blood pressure is noted from Pueblo to Hagerstown to Savannah, mainly due to differences in black females, although the gradient is present among white males as well (table 7 and fig. 1 ).
Glucose Tolerance Tests
A one-hour post loading glucose blood determination test (50 gram glucose-containing drink) was performed on subjects whenever possible and sent to a central laboratory. 5 A consistent, stepwise progression of increasing values was seen in the three cities for all the color-sex groups (table 8) . If glucose levels are grouped as follows: under 100 mg %, 100 to 149 mg %, and 150 or more mg %, the greatest proportion of individuals falling into the highest group is always from Savannah, with intermediate proportions from Hagerstown, and the lowest levels in Pueblo. The gradient as shown in figure 2 persists when one observes mean values. Black subjects had higher frequencies in the 150 mg % and over group than did white subjects in all areas except for males in Pueblo; while 25.6% of Savannah black males had glucose levels of 150 mg % or more, only 8.7% of Pueblo black males were in this group. The gradient by city was less prominent for white subjects than black, increasing in the direction of Pueblo to Hagerstown to Savannah.
Serum Cholesterol Levels
An effort was made to obtain cholesterol determinations and was successful in 97% of those subjects examined. Since the most common form of stroke is thought to be of athero- thrombotic etiology, it was hypothesized that cholesterol levels would also be higher in the high stroke areas. Although not presented here, the proportion of respondents with serum cholesterol values of 260 mg % and over showed little variation from city to city with the exception of the somewhat higher levels among black females in Savannah. The absence of a gradient in mean cholesterol determinations is quite apparent from figure 2. The absence of any particular pattern for cholesterol levels was also present when median values were used (not presented).
Urinary Sodium and Potassium Levels
Several investigators have reported a relationship between high elevated blood pressures and high dietary salt intake. 6 ' 7 Therefore, overnight urinary sodium and potassium chemical determinations were performed with the expectation that there would be an increasing gradient of sodium, potassium and/or the ratio of sodium to potassium from low to high stroke areas. The observed pattern, however, was not consistent. These data (not presented) are difficult to interpret because individuals receiving antihypertensive therapy and potassium supplements (which might affect urinary sodium determinations) were not identified.
Height and Weight
Height and weight were uniformly measured and several indices were used in the analysis, including: (1) Weight divided by height or Wt/Ht ratio; (2) Weight divided by height squared or Wt/Ht 2 ratio; (3) Ponderal index, which is height divided by the cube root of the body weight.
There was a tendency for black females toward heaviness in all three cities, which was slightly greater in Savannah and Hagerstown than in Pueblo. White females were, as a group, less heavy than black females in this sample.
Combinations of Risk Factors by Age Group, Color and Sex
While no consistent gradient was noted between the low to intermediate to high stroke cities for any of the individual risk factors in the groups examined, it was thought worthwhile to examine combinations of risk factors for any discernible pattern. The most notably observed gradient was for black females with two or more risk factors where a gradient is present from 25.5% in Pueblo, to 29.4% in Hagerstown and 43.8% in Savannah (table 9) . If the three other groups are compared in this way, there is no apparent gradient and especially in Hagerstown, which is somewhat aberrant for most of the comparisons. There are many instances in which risk factor levels are in the direction hypothesized from the comparisons between mortality in Pueblo and Savannah, whereas Hagerstown is out of line. The gradient in the expected direction for all three areas only remains present for black females with two or more risk factors after age adjustment (table 9).
Discussion
Epidemiological and clinical studies have demonstrated that elevated blood pressure and hyperglycemia are major risk factors for stroke. The relationship of serum cholesterol and cigarette smoking with stroke is less clear. Overweight and excess salt in the diet have also been considered important risk factors for elevated blood pressure.
The earlier investigations of geographic variations in mortality and incidence of stroke in the three areas discussed in this report noted a two to three fold difference for white men in both mortality and hospitalized incidence of stroke. The differences among women were smaller, especially in the younger age groups. The incidence and mortality stroke rates for blacks in Pueblo were not determined because of the small numbers. However, the high stroke death rates among blacks as compared to whites have been demonstrated in numerous studies in the United States. 4 -8 The results of the current study do not explain the geographic variations in stroke mortality among the high, low and intermediate areas of the United States. Some of the collected data on differences in risk factors are, however, consistent with the differences between the highest (Savan- City: 1972 City: -1974 
